were incorporated into CLs to considerably alter the CL profile. The decreased CL and increased monolysocardiolipin (MLCL) quantity resulted in a reduced CL/MLCL ratio. KLA-activated macrophages responded differentially to PG(18:1) 2 and PG(18:2) 2 supplementation. Specifically, PG(18:1) 2 induced less changes in the CL/MLCL ratio than did PG(18:2) 2 , which resulted in a 50% reduction in the CL/MLCL ratio. However, both PG types rescued 20-30% of the mitochondrial activity that had been affected by KLA activation.
their affinity toward cytochrome c, and result in cytochrome c release into the cytosol and subsequent apoptotic pathway activation [19] [20] [21] [22] [23] . CL synthase combines phosphatidylglycerol (PG) and cytidine diphosphate diacylglycerol (CDP-DAG) to synthesize CLs in eukaryotic mitochondria. These nascent CLs are further remodeled with the acyl chains from phosphatidylcholine or phosphatidylethanolamine to produce mature CLs through tafazzin (TAZ) 24 . CL remodeling alters the CL profile depending on the availability of fatty acyl chains in the environment, which can be manipulated by nutrient deprivation and lipid supplementation 25, 26 . TAZ gene mutations on the X chromosome also cause mitochondrial abnormalities in patients with Barth syndrome 27 . Phospholipase (PL) A 2 is a CL remodeling and degradation enzyme that can hydrolyze fatty acyl chains to form monolysocardiolipins (MLCLs) or dilysocardiolipins (DLCLs) 28 . According to our review of the relevant literature, eicosanoid production has never been reported to be associated with CL degradation in the mitochondria.
PG was discovered in Scenedesmus and contains a glycerol backbone-linked glycerol headgroup and two fatty acyl chains 29 . PG is distributed in the animal cell mitochondria as a precursor for CL synthesis 30 , and when located in lung surfactant, is critical for innate immunity regulation [31] [32] [33] . PG competes with lipopolysaccharides to disrupt the activation of the TLR pathway, thus inhibiting the formation of downstream inflammatory molecules 34, 35 . However, PG-induced anti-inflammatory properties in the mitochondria have not been thoroughly studied. Therefore, we supplemented RAW264.7 cells with PG(18:1) 2 and PG(18:2) 2 to evaluate the effects of PG on CL synthesis and remodeling, mitochondrial functions, and the mRNA expression of CL metabolism-related genes after Kdo2-Lipid A (KLA)-induced macrophage activation.
Results

Mass spectrometry analysis of CLs and MLCLs in RAW264.7 cells.
To quantify the concentration of CLs, MLCLs, and DLCLs in a complex biological sample, we established a liquid chromatography-mass spectrometry (MS) detection method. CL(14:0) 4 was partially hydrolyzed by secretory PLA 2 to produce MLCLs and DLCLs, followed by a MS analysis with reverse phase chromatography (Fig. 1) . The accurate retention times of these CL molecules were verified. CL(14:0) 4 with a mass of m/z 1239.9 was eluted at 30 min, whereas the retention times of MLCL(14:0) 3 (m/z 1029.6) and DLCL(14:0) 2 (m/z 819.2) were 25 and 11 min, respectively. Fatty 4 was hydrolyzed by sPLA 2 to produce the monolyso-CL CL(14:0) 3 and dilyso-CL CL(14:0) 2 , and then analyzed by a mass spectrometer with a reverse phase chromatography. The mass spectrum of (A) CL (B) MLCL (C) DLCL and the chromatography of (D) CL (E) MLCL (F) DLCL are shown.
SCienTifiC RePoRTS | (2018) 8:4919 | DOI:10.1038/s41598-018-23190-z acyl hydrolysis increased the polarity of CL metabolites; therefore, MLCL and DLCL traveled faster in the C18 column.
CLs and MLCLs are major phospholipids of the inner mitochondrial membrane. To access the integrity of the mitochondrial membrane structure, we identified and quantified the concentration of CLs and MLCLs in RAW264.7 cells, but DLCL was too scarce to be detected. The chromatographic analysis of CLs and MLCLs in the lipid extract from RAW264.7 cells demonstrated delayed retention times compared with that of the internal CL standard (Fig. 2A) ; longer chain length of the extracted CLs were determined to attribute to this delay. In addition, the hydrolysis of one fatty acyl chain on CL to form MLCL slightly shifted the retention time due to increased polarity. The species of CLs and MLCLs with the same acyl chain length were categorized in groups (Fig. 2B,C) . CLs had six major groups (CL64, CL66, CL68, CL70, CL72, and CL74) and MLCLs were divided in four major groups (MLCL50, MLCL52, MLCL54, and MLCL56). In addition, each group comprised 4-6 species with various double bonds. To accurately identify the fatty acyl chains in CLs and MLCLs, tandem MS was performed for phospholipid fragmentation (Fig. 2D,E) . Because phosphoester bonds on phosphates and ester bonds on fatty acids are weak covalent bonds that can be easily broken, phosphatidic acid and fatty acids were the common product ions on the MS/MS spectrum.
We identified CL and MLCL species in RAW264.7 cell by LC-MS/MS. Based on the structure of CL and its charge, total lipid extraction is analyzed by reverse phase chromatography and mass spectrometry in negative mode. The methodology for CL analysis and identification are described in previous studies from our laboratory 25, 26 . In our measurement, Raw 264.7 cell contains 55 CL species with 42 types of molecular weights, and each species are identified and shown in Table 1 . For MLCL analysis, the signal of extracted ion chromatogram of MLCL standard (C14:0) 3 appeared by around 24 min. The retention time of MLCL in samples, which contain more long-chain MLCL, was eluted around 26-30 min. The results showed that MLCL species shows five clusters in m/z range of 1100-1300 and 33 MLCL species with 16 molecular weights ( Table 2 ). The identification of MLCL was carried out by secondary fragmentation. As an example, in MLCL species (C18:1) 3 , the fragments are 435, 699, and 835 m/z, which contains one acyl chain plus a phosphate group, two acyl chains plus a phosphate group, and two acyl chains with a glycerol backbone and two phosphate groups.
Incorporation of PG(18:1) 2 into CLs and phospholipids. CLs are biologically synthesized from PG and CDP-DAG by CL synthase in the mitochondria of mammalian cells. We attempted to manipulate the CL contents in RAW264.7 cells by supplementation with PG and CDP-DAG. The optimal concentrations of PG and CDP-DAG were determined through MTT assay (Supplemental Fig. S1 ). Cells were supplemented with 50 μM of PG and CDP-DAG, and the medium was supplemented with 50 μM PG(18:1) 2 four times every 12 hours period. The CL patterns in PG(18:1) 2 -supplemented cells were then analyzed through MS (Fig. 3) . The chain length of CL increased drastically, and the diversity of the CL groups decreased. After the second supplementation, only three major CL groups were detected (CL70, CL72, and CL74), with CL72 being predominant. Notably, the mass peak in CL72 at m/z 1455.4 was for the symmetrical CL(18:1) 4 , which indicates the incorporation of the 18:1 fatty acyl chain into CLs. After the second supplementation, CL(18:1) 4 was the most abundant CL species in RAW264.7 cells, which suggests the efficient incorporation of the 18:1 fatty acyl chain from PG to CL in the first and second supplementation. PG(18:1) 2 supplementation remarkably increased the percentage of symmetrical CLs. Furthermore, we evaluated the effects of PG(18:1) 2 supplementation in fresh media to RAW264.7 cells during cell passage (Supplemental Fig. S2 ). Although the initial supplementation significantly altered the CL profile, the effects were minimal, despite the 8-day maintenance of the experiments. Therefore, these results reveal that two-time PG supplementation is the optimal supplementation method for CL remodeling; it was the standard protocol used in the following experiments for the present study. We further examined the two-time PG supplementation effects on phosphatidylglycerol (PG), phosphatidylcholine (PC) and phosphatidylethanolamine (PE) ( (72:4) increased from 1.4% to 12.1% and from 3.6% to 28.1%, respectively, which were the species with the highest increase percentage. By contrast, CL66 and CL68 were the groups with decreasing percentages, most evident within CL(66:4) and CL(68:4) (3.6% and 9.56% decrease, respectively). Additionally, CL70, C72, and C74 showed a significant reduction in CL saturation.
Following PG(18:2) 2 supplementation, the shift of CL68 and CL70 to CL72 and CL74, respectively, was significant. In addition to the increase in chain length, CL saturation decreased drastically. The species with more than four double bonds increased in percentage, which strongly indicates the incorporation of the 18:2 fatty acyl chain to replace the fatty acids with 0-1 double bonds. CL(72:6), CL(72:7), and CL(72:8) in CL72, and CL(74:7), CL(74:8), and CL(74:9) in CL74 showed a significant increase in percentage. Conversely, CL(68:4) decreased by 10.2%, which is the most remodeled species.
In short, the CL70, CL72, and CL74 groups showed a high variation in CL species after PG(18:1) 2 and PG(18:2) 2 supplementation. PG(18:1) 2 supplementation produced CLs with 2-4 double bonds, and PG(18:2) 2 supplementation produced CLs with 5-8 double bonds. We also confirmed that the PG(18:1) 2 and PG(18:2) 2 supplementation increases the abundance of 18:1 and 18:2 fatty acyl chain in CL respectively.
MLCLs are considered to be the hydrolyzed products of CLs because the biological synthesis of MLCLs has yet to be reported; nevertheless, it is suspected that the species and concentrations of MLCLs are strongly related to those of CLs. In the present study, we examined the changes in MLCLs after PG supplementation (Fig. 6) . After the addition of PG(18:1) 2 , MLCL(54:3) increased drastically from 10.16% to 34.84% to become the major MLCL species. In addition, MLCL(56:6) showed a significant percentage increase of 6.6%. However, the percentages of the short chain MLCL50 and MLCL52 species decreased. PG(18:2) 2 supplementation resulted in a significant increase of 10.6%, 8.2%, 4.3%, and 8.3% in MLCL(54:5), MLCL(54:6), MLCL(56:5), and MLCL(56:6), respectively. PG(18:1) 2 supplementation specifically increased the percentage of MLCL(18:1) 3 , which is different from the effects of PG(18:2) 2 supplementation that increased the percentage of multiple unsaturated species. These effects on MLCLs are in accordance with those on CLs, supporting the conceptualization that MLCLs are the hydrolysis products of CLs.
However, a 50-μM CDP-DAG supplementation of RAW264.7 cells resulted in nonsignificant changes in both CLs and MLCLs (Supplemental Fig. S3 ), suggesting that CDP-DAG may be unable to incorporate into CL through external supplementation.
Effects of PG supplementation and KLA activation on CLs and MLCLs. In the RAW264.7 inflammation model, KLA-induced TLR4 activation altered the phospholipid composition and CL saturation 36 . PG suppresses inflammation 37 , and in the present study, PG supplementation drastically changed CL compositions in RAW264.7 cells (Fig. 3) ; therefore, the mechanisms through which PG suppresses inflammation and affects CL compositions during macrophage activation are worth exploring. We supplemented KLA (TLR-4-specific agonist)-activated cells with PG and analyzed the quantity of CLs and MLCLs and the CL/MLCL ratio (Fig. 7) . The CL and MLCL quantity in RAW264.7 cells were 1.50 and 0.06 fmole/cell, respectively, with a CL/MLCL ratio of 25.6. After KLA activation for 24 hours, the quantity of CLs and MLCLs per cell did not change significantly. After PG(18:1) 2 supplementation for 48 hours, the CL quantity decreased to 0.75 fmole/cell, which reduced the CL/MLCL ratio to 10.8. After both PG(18:1) 2 supplementation and KLA activation, the CL quantity was 1.29 fmole/cell, and the MLCL quanitity was 0.14 fmole/cell. Therefore, the CL/MLCL ratio did not fluctuate and was maintained at 9.5.
After PG(18:2) 2 supplementation for 48 hours, the CL and MLCL quantities were 1.02 and 0.11 fmole/cell, respectively, with a CL/MLCL ratio of 9.4. This is similar to the quantity changes that occurred after PG(18:1) 2 supplementation. However, KLA activation of PG(18:2) 2 -supplemented cells resulted in a drastic decrease in the CL/MLCL ratio to 5.4. Although supplementation with both PG types decreased the CL concentration and increased the MLCL concentration, PG(18:2) 2 -supplemented cells tended to increase the MLCL percentage of the total CL species after KLA activation, indicating that CL(18:2) 4 is an unfavorable CL species after KLA activation.
KLA triggered differential changes in the CL composition of PG-supplemented RAW264.7 cells (Fig. 8A ). After the KLA activation of cells without PG supplementation, the CL species with increased percentages were as follows: CL(66:2), 1.12%; CL(68:1), 1.22%; CL(68:2), 3.40%; and CL(70:2), 1.46%. All of these species had less than two double bonds. By contrast, the CL species with decreased percentages had more than four double (Fig. 8B) , most of the CL species did not change except CL(72:4), and the symmetrical CL(18:1) 4 remained the most abundant CL species. When cells were pretreated with less saturated PG(18:2) 2 and KLA (Fig. 8C) , CL saturation did not change drastically, except a slight 1.38% decrease in CL(72:7). The percentage of symmetrical CL(18:2) 4 was expected to increase after PG(18:2) 2 supplementation; however, it decreased.
PG supplementation rescues mitochondrial activity in RAW264.7 cells after KLA activation.
After PG supplementation and KLA treatment, the mitochondrial activity in RAW264.7 cells was examined using a Seahorse XF-24 extracellular flux analyzer (Fig. 9) . The overall oxygen consumption rates (OCRs) decreased after KLA activation in the absence of PG (Fig. 9A) . Specifically, the OCRs from basal respiration, ATP production, and maximal respiration were significantly reduced by 46%, 35%, and 67%, respectively.
Without KLA activation, PG(18:1) 2 -supplemented cells did not exhibit significant changes in the control group (Figs. 9A,B) . However, KLA-induced activation resulted in reduced OCRs in PG(18:1) 2 -supplemented cells (Fig. 9B) . For these cells, the OCRs from basal respiration, ATP production, and maximal respiration decreased by 37%, 17%, and 33%, respectively. In other words, PG(18:1) 2 supplementation rescued the mitochondrial activity.
In PG(18:2) 2 -supplemented cells, KLA reduced the OCRs of the mitochondria in RAW264.7 cells (Fig. 9C) ; specifically, those from basal respiration, ATP production, and maximal respiration decreased by 27%, 13%, and 33%, respectively. After KLA activation, compared with PG(18:1) 2 -supplemented cells, PG(18:2) 2 -supplemented cells exhibited a slightly alleviated the mitochondrial activity, which is probably due to the original reduction in PG(18:2) 2 supplementation control. mRNA expression of CL metabolism-related genes. To further investigate the gene regulations associated with CL and MLCL profile changes in response to KLA activation and PG supplementation, we analyzed the mRNA expression of CL-metabolism-related genes through reverse transcription quantitative real-time polymerase chain reaction (Fig. 10) . Three representative genes related to inflammatory responses, namely Ptgs1, Ptgs2, and Alox5, were evaluated (Fig. 10A) . PG(18:1) 2 and PG(18:2) 2 supplementation alone in RAW264.7 cells resulted in 23% and 45% reductions in the mRNA expression of Ptgs1, respectively; however, no apparent effects were observed on the mRNA expression of Ptgs2 and Alox5. In RAW264.7 cells treated with KLA, the mRNA expression of Ptgs1 and Alox5 decreased by 66% and 77%, respectively, but that of Ptgs2 increased significantly by 358 folds, indicating significant macrophage activation.
After PG supplementation, KLA-induced inflammation reduced drastically. KLA did not affect the mRNA expression of Ptgs1 and Alox5, even after the supplementation of either PG(18:1) 2 The mRNA expression of CL synthesis-related genes did not exhibit significant changes after KLA treatment and PG supplementation (Fig. 10B) . Acyl-CoA:lysocardiolipin acyltransferase-1(Alcat1) and Taz are crucial in mitochondrial CL remodeling (Fig. 10C) . When RAW264.7 cells were treated with KLA, the mRNA expression of Alcat1 and Taz decreased by 36% and 28% relative to the control group; however, other treatments exerted no significant effects. Furthermore, we analyzed the mRNA expression of fatty acid desaturase 2 (Fads2), which is associated with fatty acid desaturation, which is an important step during fatty acid elongation. The mRNA expression of Fads2 decreased by 49% after KLA treatment, and decreased by 64% and 40% after PG(18:1) 2 and PG(18:2) 2 supplementation, respectively. Additionally, a 40% downregulation of Fads2 mRNA expression was observed in cells with KLA and PG(18:2) 2 supplementation compared with those with only PG(18:2) 2 supplementation. This phenomenon was not observed in cells with PG(18:1) 2 supplementation alone.
KLA treatment and PG supplementation did not significantly change the mRNA expression of CL hydrolysis-related genes (Fig. 10D) . However, the mRNA expression of Pld decreased by 64% after KLA activation in PG(18:2) 2 -supplemented cells, and Pla2g6 mRNA expression increased by 65% after KLA activation in PG(18:1) 2 -supplemented cells.
Cytochrome c (Cycs), BH3-interacting domain death agonist (Bid), and phospholipid scramblase 3 (Plscr3) were the genes associated with apoptosis regulation (Fig. 10E) . In RAW264.7 cells treated with KLA, the mRNA expression of Cycs and Bid decreased by 32% and 37%, respectively, but that of Plscr3 increased by 108%. PG supplementation alleviated the effects of KLA on the mRNA expression of Cycs and Bid; however, the mRNA expression of Plscr3 was not affected or was only slightly affected by PG supplementation.
Discussion
KLA triggered the activation of macrophage-like RAW264.7 cells and stimulated the activation of TLR4, which stimulates the activation of PLA 2 , COX-1, and COX-2 to produce prostaglandins and leukotrienes. We observed a drastic 358-fold increase in the mRNA expression of Ptgs2 genes after KLA activation. However, the mRNA expression of Ptgs1 and Alox5 decreased by 66% and 77%, respectively. Thus, KLA mainly stimulated Ptgs2, but not Ptgs1 and Alox5, to produce prostaglandins in RAW264.7 cells.
Upon macrophage activation, the total quantity of CLs and MLCLs per cell did not change; however, the species became highly saturated, most likely due to the 50% downregulation of Δ-6 desaturase mRNA expression. However, the enzymes related to CL synthesis and remodeling were either unaffected or slightly inhibited, and the changes in CL species were not attributed to the gene regulation of CL synthesis and remodeling. Furthermore, the degradation-related genes, sPLA 2 and PLD, were not induced. The present results strongly indicate that macrophage activation inhibits the elongation of fatty acid.
The activated cells altered their CL profiles to become highly saturated CL species, which may prevent the oxidation of double bonds in activated macrophages; however, this process may also reduce mitochondrial activity. Notably, a mitochondrial activity analysis clearly demonstrated a reduction in the OCRs from basal respiration and ATP production, and particularly, a 67% reduction in the OCR from maximal respiration. In this KLA-induced activation process, the mitochondria lost more than half of its capability to provide energy to cells. Studies have proposed that CLs can stabilize the ETC complexes and store the protons in the intermembrane space [38] [39] [40] . In this study, the mRNA expression of Plscr3 was upregulated after KLA activation, which potentially flipped CLs to the outer membrane and reduced their ability to support the ETC complexes, resulting in the loss of mitochondrial activity. Pld, Pla2g6, Pnpla8 and (E) apoptosis: Cysc, Bid, Plscr3 related genes were quantitated by RT-qPCR. The data were triplicated and statically analyzed by Microsoft Excel t-Test (*p < 0.05, **p < 0.01, ***p < 0.001).
SCienTifiC RePoRTS | (2018) 8:4919 | DOI:10.1038/s41598-018-23190-z KLA-stimulated inflammation can significantly alter CL profiles. The energy production is likely to be highly regulated. We hypothesized that the changes in CL profiles during CL synthesis, remodeling, or degradation can inhibit or prevent excessive inflammation. RAW264.7 cells were supplemented with PG and CDP-DAG, which were the two reactants of CL synthesis. The incorporation of CDP-DAG into the mitochondrial membrane was not as effective as PG. To our surprise that PG supplementation caused the decrease of CL concentration, which is against our hypothesis that the increase of PG reactant will produce more CL product in the CL synthesis reaction. This indicates there are other factors involved to regulate CL synthesis. Previous research has been shown that PG is not only a reactants for CL synthesis, but may also act as a competitor to CL-binding proteins [41] [42] [43] [44] [45] , which also stabilized the protein complexes that require CL binding to replace the necessity of CL in mitochondria. Therefore, excessive mitochondrial PG triggered the CL hydrolysis and caused the decreases of the CL and the increases of the MLCL concentration.
On the basis of the fatty acid compositions of CLs in cells, 18:1 and 18:2 were the two most common fatty acyl chains. PG(18:1) 2 and PG(18:2) 2 were selected to compare the saturation effects. The incorporation of both PG types was exceptionally efficient (Fig. 3) , and provides excellent models to examine mitochondria activity and elucidate the regulatory mechanisms. Moreover, several different types of CL profiles were generated, particularly in the saturation of C72 and C74 groups. The two PG types also reduced the CL concentration and increased the MLCL concentration, resulting in a 60% reduction in the CL/MLCL ratio. The mitochondrial activities between PG(18:1) 2 -supplemented and PG(18:2) 2 -supplemented cells did not exhibit significant difference. Notably, PG supplementation did not affect the mRNA expression of CL metabolism-related genes, except to inhibit Δ-6 desaturase. The mRNA expression of CL metabolism-related genes was mostly unaffected by PG supplementation; however, a slight downregulation of Ptgs1 mRNA expression was observed. Altogether, although PG incorporation significantly altered the mitochondrial phospholipid components, the cellular mitochondrial functions remained affected.
Evidence from the present study supports the idea that PG supplementation suppresses inflammation, particularly the 358-fold reduction in Ptgs2 mRNA expression after PG (18:1) . Furthermore, the highly unsaturated forms of CLs and MLCLs can undergo oxidation during KLA-induced inflammation. Therefore, macrophage activation significantly increases CL saturation. After PG supplementation, KLA-triggered desaturation effects were ineffective, probably because desaturation was nonessential in the inflammation-suppressed conditions. KLA-induced macrophage activation drastically reduced the mitochondrial activity; however, the effects of KLA were alleviated after supplementation with both PG types. In addition, Δ-6 desaturase was inhibited after KLA addition in PG(18:2) 2 -supplemented cells.
Materials and Methods
Materials. Dulbecco Hydrolysis of CL by sPLA 2 . The 50 nmole CL(14:0) 4 standard in chloroform was air-dried with N 2 gas. The dried CL was resuspended in 498 μl of buffer (50 mM Tris-HCl, 5 mM CaCl 2 , pH 8) and sonicated for 10 times under the condition of 125 watt, 5 sec cycle, amplitude 80% to make CL vesicles. The hydrolysis reaction was initiated by adding 2 μl of purified sPLA 2 and incubated at 40 °C water bath 28 . After 3 hours of incubation, the reaction was stopped by adding 2 ml of methanol (MeOH). Fatty acids were extracted by Bligh-Dyer methods and subjected to mass spectrometry analysis.
Cell culture and KLA activation. Mouse leukaemic monocyte macrophage cell line (RAW264.7) was cultured in Dulbecco's modified eagle medium with 10% fetal bovine serum, which was heat-inactivated for 30 minutes at 56 °C, 0.5% penicillin-streptomycin and 25 mM HEPES in 5% CO 2 at 37 °C. While cells were grown to 80% confluency in culture dishes, the cells were removed from dishes by treatment with 0.05% trypsin-EDTA solutions and washed with PBS before cell seeding. For activation, the adherent RAW264.7 cells were treated with 100 ng/ml of KLA for 24 hours.
PG and CDP-DAG Treatments. RAW264.7 cells were cultured in Dulbecco's modified eagle medium with 10% heat-inactivated fetal bovine serum, 0.5% penicillin-streptomycin and 25 mM HEPES in 5% CO 2 at 37 °C. The collected 6 × 10 5 cells were transferred to a 6-cm culture dish and treated with 50 μM of CDP-DAG or PG(18:1) 2 or PG(18:2) 2 twice at 0 and 12 hours at 37 °C before harvest at 48 hours. In the KLA activation experiments, 100 ng/ml of KLA was added at 24 hours and harvested at 48 hours. In the multiple supplementation treatment, 50 μM of PG (18:1) Phospholipid Analysis. The 2 × 10 7 RAW264.7 cells treated with PG(18:1) 2 were harvested for mitochondria isolation following the protocol of mitochondria isolation kit (Thermo scientific, US). In brief, 800 µL of Mitochondria Isolation Reagent A. was added to cells. The samples were incubated ice for 2 minutes. Then, add 10 µL of Mitochondria Isolation Reagent B. and incubate the samples on ice for 5 minutes. After added 800 µL of Mitochondria Isolation Reagent C, the samples were gently mixed and centrifuge at 700 × g for 10 minutes at 4 °C. The samples were centrifuged at 12,000 × g for 15 minutes at 4 °C to collect the isolated mitochondria. The ingredients of the Reagent A, B and C are not disclosed by Thermo scientific. The isolated mitochondria were added 1 ml of MeOH for sonication for 60 sec. The phospholipids were extracted by Bligh-Dyer's method. The extracted lipids were N 2 dried and then re-suspended in 200 µL of ACN(acetonitrile)/IPA(isopropanol)/DDW(Distilled and deionized water) (65/30/5) for LC-MS/MS analysis.
Lipid Extraction. The total lipid in the collected cells was extracted according to the Bligh-Dyer's method as our previous experiments 48 . The internal standard, 0.2 nmole tetramyristoyl cardiolipin CL(14:0) 4 , was added to the cell pallets in 2 ml MeOH. After 3 times of pulse sonication at the condition of 125 watt, 20 sec, amplitude 80% on ice, 1 mL of dichloromethane was mixed with samples, which were further vortexed for 10 min. Then, 1 ml of dichloromethane and 1 ml of distilled deionized water were added to samples and further vortexed for 10 min. Seahorse Mitochondrial Assay. A total of 5 × 10 4 RAW264.7 cells were seeded into each well of XF-24 cell culture microplate (Seahorse Bioscience) and allowed to adhere. The cells were then supplemented with 50 μM PG(18:1) 2 or PG(18:2) 2 twice at 0 and 12 hour. At 24 hour, 100 ng/ml KLA was added and the cells were incubated for another 24 hours. The media was replaced with DMEM pH 7.4 for 1 hour at 37 °C. The cell oxygen consumption rate (OCR) was analyzed by Seahorse XFe Extracellular Flux Analyzer (Seahorse Bioscience, Billerica, MA). The optimized concentrations of the mitochondrial inhibitors in the experiments were 10 μM oligomycin, 1 μM FCCP and 5 μM rotenone.
After seahorse mitochondrial assay, the protein concentration in each well of the XF24 cell culture microplate was measured by Bradford protein assay. The microplate was added 50 µl of 0.1% triton in PBS to each well and placed on ice for 5 min, and then 450 µl of DDW was added to each sample. The Bradford assay was started by mixing 10 µl of the prepared sample with 190 µl of 1X solution of Bradford protein-binding assay (Bio-Rad) in a 96-well plate. The absorbance at wavelength 595 nm of the plate was measured by SpectraMax M Series Multi-Mode Microplate Readers (Molecular Devices). The protein concentration was calculated based on the standard curve of BSA.
mRNA Extraction and Reverse Transcription. RAW264.7 cells were washed with cold PBS, added 1 ml of TRIZOL reagent and then placed on ice for 5 min. The cells were transferred to a 1.5 ml eppendorf tube and added 200 μl of chloroform. The upper phase in the tube was collected after centrifugation at 12000 rpm for 15 min at 4 °C. Equal 500 μl of supernatant and isopropanol were mixed gently and kept at −20 °C for 20 min. The sample was then placed at room temperature for 10 min and collected the precipitate by centrifugation at 12000 rpm for 15 min at 4 °C. The precipitate was washed with 500 μl of ethanol and centrifuged at 9000 rpm for 5 min at 4 °C. After removing the supernatant, the sample was added 20 μl of DEPC water and heated to 50 °C for 5 min to restore the mRNA sample. The cDNA synthesis Kit from Bio-Rad was utilized for the mRNA reverse transcription. Briefly, 1 μg mRNA was mixed with 4 μl iscript reaction mix and 1 μl iscript reverse transcriptase, and then DEPC treated water was added to 20 μl of total volume. The sample was kept at room temperature for 5 min, and then heated to 42 °C for 30 min and 85 °C for 5 min. After DNA quantitation, the sample was stored at −20 °C.
